Setting: St John Eye Hospital, Soweto, Gauteng Province, South Africa.
Introduction
Canalicular lacerations commonly occur in cases of traumatic lid laceration 1 and require prompt surgical repair ideally within 24 hours -48 hours. 2 If not adequately repaired, these injuries may result in significant morbidity in the form of chronic epiphora. 3 In addition, these injuries may be associated with significant trauma to the orbit and globe, requiring additional care. 3 Canalicular lacerations either result from direct trauma, as with a sharp object, for example, blade or glass fragment, or indirectly because of lateral traction, such as that caused by blunt trauma at a point distant from the laceration. 4 Studies involving the causes of canalicular lacerations are limited. 3, 5 Previous studies into the causes of canalicular lacerations have shown considerable variation in the mechanisms of injury in each region. These include lids hooking on garment fasteners, 1 physical altercations, 5, 6, 7 falls, 8 dog bites 9 and motor vehicle collisions. 10 The reason for this variation has been postulated, by Naik et al., to be because of socio-cultural differences amongst populations. 1 Therefore, it is reasonable to expect that the most common causes of these injuries in South Africans cannot simply be inferred from other studies.
Laceration of the eyelid is a well-described complication of both blunt and sharp trauma to the face, 11 and 16% of lacerated lids involve the canaliculi. 3 The lower canaliculus is lacerated more often than is the upper canaliculus, ranging from 52% to 78.5%, as opposed to 16.6% -32.0% for upper canalicular injuries. Both canaliculi are lacerated in 4.8% -15% of patients. These injuries tend to affect young patients more frequently, with the average age ranging from 16 to 39 years Background: Canalicular lacerations cause significant morbidity if unrepaired and may be associated with serious ocular injuries. Few studies describe the causes of these injuries, and none of these were conducted in Southern Africa.
Aim:
The aim of this study was to describe the incidence of canalicular lacerations in terms of their causes, associated ocular injuries and management at St John Eye Hospital.
old. Men are disproportionately represented and form between 72.0% and 88.6% of presenting patients in the literature. 1, 3, 5, 6, 7, 8, 9, 10, 12, 13, 14 Although no single cause has been consistently shown to be most common, certain mechanisms of injury do occur commonly in multiple studies. Frequently reported canalicular injuries in other studies are because of physical altercations, animal bites, falls, road accidents and sharp objects such as tree branches. 6 Dog bites have been disproportionately found to affect children. A study found that dog bites were more likely to injure the canaliculi than other causes of lid injury. 15 Findings of the respective studies are summarised in Table 1 .
Canalicular lacerations are reportedly associated with other ocular injuries at a rate between 20% and 40%. 13 These injuries tend to occur more often when blunt injury is the cause of the canalicular laceration. 3 The frequency and nature of these injuries varies from study to study but common examples include commotio retinae, corneal abrasions, hyphaema, globe rupture, corneal laceration, scleral laceration, lens injury, vitreous haemorrhage, retinal haemorrhage, intraocular foreign body and traumatic optic neuropathy. 1, 3, 5, 7, 8, 13 Findings of the respective studies are summarised in Table 2 .
The placement of a canalicular stent during reattachment of the severed canalicular ends has become widely accepted to be essential for successful outcomes. 11 The principles of surgical repair are early anastomosis, stent placement and the use of magnification. 16 Repair techniques may be classified as bicanalicular or monocanalicular. Bicanalicular stents may be nasally or annularly intubated.
Bicanalicular repair with nasal intubation is considered to be the gold standard for both monocanalicular and bicanalicular repair. 17 It involves intubating both the injured and the uninjured canaliculus with a silicone tube, which is then fixated in the nose. General anaesthesia is recommended because of the painful nature of canalicular intubation into the nose and because patients tend to be young. 11 Bicanalicular repair with retrograde probing and annular intubation involves the use of a curved metal probe (pigtail probe) to intubate both canaliculi in a ring-like fashion, under general anaesthetic. The risk of injuring the uninvolved canaliculus is increased when using this method, as false tracts may be created. As such, it is described as being best used as a last resort. 17 Monocanalicular repair is accomplished using a silicone stent which is short and ends in a punctal plug. The stent is inserted into the punctum of the lacerated canaliculus and passed via the distal canalicular end into the lacrimal sac. This means there is no injury risk to the uninjured canaliculus. 1 The most widely used of these stents is the Mini Monoka. 1 Aside from not risking the other canaliculus, this technique has certain advantages over conventional bicanalicular stenting. It is less invasive, 17 is less technically challenging, has less complications and may be performed under local anaesthetic in a cooperative patient. 5 Murchison et al. found no significant difference in the success rate of mono-and bicanalicular repairs, 7 but did find that the training level of the surgeon significantly affected success for all types of repair. Furthermore, the success rate was much greater if the repair was performed in theatre, as opposed to a side room in casualty.
The aim of this study was to identify causes of canalicular laceration seen at St John Eye Hospital (SJEH), Soweto, Gauteng Province, South Africa, as well as to describe the associated ocular injuries and the burden of management on theatre resources.
Methodology
This was a prospective study describing the causes of injury and associated injuries of all patients with canalicular laceration presenting at SJEH over a 7-month period. Furthermore, the surgical procedure performed and the theatre time consumed were recorded. St John Eye Hospital is the ophthalmic department of the Chris Hani Baragwanath Academic Hospital, which is the world's third largest hospital. It is located in Soweto, Gauteng Province, South Africa. The St John Eye Hospital services approximately 50 000 ophthalmological patients annually. The hospital serves patients from Soweto, as well as patients from the surrounding Greater Johannesburg area. Furthermore, it functions as a tertiary referral centre for peripheral hospitals in Gauteng.
All patients who presented at SJEH, from 22 December 2017 to 22 July 2018, with a canalicular laceration were included in the study. Patients who presented in an unstable state and thus required urgent transfer to an emergency department for resuscitation were to be excluded.
Relevant data were collected from the files of patients. These included demographical data (age, sex and race), canaliculus involved, cause of injury, associated ocular injuries, surgical procedures performed, theatre time consumed and whether general anaesthetic was administered.
Data analysis was carried out using STATISTICA version 13.1. Categorical variables were summarised using frequency and percentage tabulation and illustrated by means of bar charts. Continuous variables were summarised by the mean, median and interquartile range, and their distribution was illustrated by means of histograms. Based on worst-case (for sample size) estimates of 50%, 5% precision and the 95% confidence level, a sample size of 385 would be required. The actual sample size of 26 in this study corresponds to a precision of 19.2% (rather than 5.0%), which is a limitation of the study. 
Ethical considerations

Results
Patient characteristics
During the period under review, 78 patients presented with lid lacerations at SJEH. Of these patients, 26 were found to have canalicular lacerations (33.3%). All patients who presented with canalicular lacerations consented to participate in the study.
Males accounted for 18 (69%) of the patients in the study, and 25 (96%) of the patients were of African descent. There was one Caucasian patient (4%). The average patient age was 31.5 years. The median age of the patients was 34 years (interquartile range 25-39 years; range 10 months to 60 years). Children accounted for four (15%) of the patients in this study.
Cause of injury
The predominant cause of injury was assault which accounted for 15 (58%) of the 26 patients. The second most common cause was road accident which accounted for five patients (19%), of which three were motor vehicle collisions and two were pedestrian vehicle collisions.
Canaliculus involved
A single canalicular laceration occurred in 23 patients (88%), three patients (12%) had both upper and lower canaliculi 
Major causes of canalicular injury
Fall
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The most common type of assault was being stabbed with a knife. This cause accounted for four patients, which was 27% of all assaults and 15% of all canalicular lacerations. The average age of assaulted patients was 31.5 years (range 10 months to 44 years). lacerated. Lower canalicular lacerations accounted for 18 (62%) of the 29 canalicular lacerations sustained by the 26 patients. The left lower canaliculus was the most frequently injured (n = 11; 42%), followed by the right lower (n = 7; 27%), the left upper (n = 6; 23%) and right upper canaliculus (n = 5; 19%). The majority of patients sustained left-sided canalicular lacerations (n = 15; 58%). Where assault was the cause, the left canaliculi were lacerated in eight patients and the right in seven patients (53% vs. 47%). No bilateral canalicular lacerations were observed.
Associated ocular injuries
Associated ocular injuries were detected in nine patients (35%). Traumatic uveitis (n = 4; 15%) and subconjunctival haemorrhage (n = 4; 15%) were the most common. Table 3 displays the incidence of each injury.
Surgical management
All patients received lid repair under general anaesthetic. Canalicular repair was successfully performed in 24 cases (92%). Bicanalicular repair with nasal intubation was employed in 23 cases (88%), while monocanalicular repair with a Mini Monoka tube was performed in one patient (4%). Additional surgical procedures were performed for five patients (19%); these are tabulated in Table 4 .
Duration of surgery
A total of 2985 minutes (49 h and 45 min) of general anaesthetic theatre time was consumed over the 7-month period. This amounted to 100 min per week. The average duration of surgery was 115 min, while the median duration was 103 min. The notable difference between average and mean duration is because of a single outlying case that consumed 265 min. The range was 45 min -265 min with an interquartile range of 90 min -135 min. The average duration for patients only comprising of lid and canalicular repair was 101 min.
Discussion
During this study, patients presenting with lid lacerations had more than double the canalicular involvement rate of 16% reported in the literature. 3 Had this incidence rate continued, it would have translated to 45 canalicular lacerations per annum at SJEH. This is a relatively high incidence. Jordan et al. have published the largest study on the subject and reported an incidence of 28 canalicular lacerations per annum. 3 These injuries may therefore represent a significant public health challenge in our setting.
Patients in his study tended to be older than those reported in other studies. 1, 3, 5, 6, 7, 8, 9, 10, 12, 13, 14 This is contrary to the notion that these injuries affect mostly young patients, and indeed, the ages of patients in this study ranged from as young as 10 months to as old as 60 years. The relatively low number of children in this study may explain the relatively low incidence of dog bites as a cause of injury, as dog bites are known to disproportionately affect children. 15 The expected male preponderance, while present, was lower than that reported by any other study we could find. 1, 3, 5, 6, 7, 8, 9, 10, 12, 13, 14 This is unexpected, especially when considering that assault was by far the most common cause of injury.
The causes of injury reported in this study were similar in type to those reported in other studies, but the proportions were markedly different. 1, 3, 5, 7, 8, 9, 10 More than half of the patients in this study (58%) reported assault as the cause of their injuries. This cause of injury is also common in other studies, but the highest proportion reported was 36%. 9 Kniferelated assault was an especially common cause of injury in this study and accounted for 12% of all patients. A number of assaults involved a glass bottle as the weapon. This mode of injury is not specifically reported in other studies. It is worth bearing in mind that one in five assaulted patients could not identify the object used in the assault, and as such, these estimates of knife and glass bottle assault are likely conservative.
The left canaliculus was more often lacerated in this study than the right (58% vs. 42%). It is tempting to attribute this difference to right-handed attackers, but it is not supported by the data. Only 53% of patients who reported assault as the cause of injury had a left-sided canalicular laceration. The left lower canaliculus was involved almost twice as any other canaliculus being injured in 42% of patients. The reason for this is unclear.
Associated ocular injuries were found in 35% of patients, which is in keeping with a rate considered normal in the literature (20% -40%). 13 It is worth noting, however, that the author could find no study with a higher rate than 35%. The majority of these associated ocular injuries tended to be mild, the most common injuries being traumatic uveitis and subconjunctival haemorrhage. However, 8% of patients suffered globe rupture necessitating evisceration. This is nearly double the rate observed by Jordan et al. in the largest study conducted on this subject, a study where globe rupture is reported as the most common associated ocular injury. 3 This relatively high incidence of often serious injuries represents a considerable source of morbidity, as well as an additional burden on service delivery.
Despite resource limitations at SJEH, all patients received lid repair under general anaesthetic and canalicular repair in keeping with international standards. Providing this essential service comes at the cost of cancelling important elective surgeries, as there is currently no dedicated ophthalmic trauma theatre at SJEH.
The average duration of surgery was 115 min, but this is likely an overestimation as there was a single long outlying case (265 min). The median duration of 103 min is likely a better measure of resource burden, and this correlates well with the average duration of surgery for cases where only canalicular laceration repair was required of 101 min.
Over the 7-month period, canalicular laceration repair was demonstrated to consume 100 min of general anaesthetic theatre time every week at SJEH. This was purely the time spent operating and did not take into account the time spent inducing and reversing anaesthesia, as well as cleaning and draping of the patient. An audit of time consumed in theatre at a teaching hospital in Nigeria found that the average surgical duration of an ophthalmological case was 25.7 min. 18 If the average surgical time per ophthalmological case at SJEH is similar to this, this would amount to 202 patients every year not receiving their scheduled eye surgery. Funding a dedicated ophthalmic trauma theatre may alleviate this burden.
This study suggested that canalicular lacerations may represent an especially pronounced public health challenge in the South African context. The study was limited by its single-centre design, small sample size and relatively short data collection period. As there is a paucity of similar studies locally, multicentre studies with longer data collection periods are required to verify these findings.
Conclusion
This study demonstrates that canalicular lacerations are relatively common at SJEH. These are disproportionately caused by assault and more often associated with serious ocular injuries. This places considerable burden on already limited theatre resources and may be of particular relevance in the South African setting.
More study is needed to verify these findings and identify potential strategies for primary prevention.
